Case Presentation
A 40-year-old man presented to the emergency room complaining of nausea, vomiting, and loose stools for 5 days. His physical examination was remarkable for jaundice and hepatomegaly. His past medical history included insulin-dependent diabetes over the past 30 years complicated by end-stage renal disease and diabetic neuropathy. He was on hemodialysis for his diabetic nephropathy and had been dialyzed the previous day. His past medical history was also positive for yellow fever, a gastrointestinal bleed from a gastric ulcer requiring blood transfusion, uncontrolled hypertension, and two silent myocardial infarctions.
Serum chemistry documented abnormal liver function tests (LFTs) (alanine aminotransferase 309 U/L, aspartate aminotransferase 183 U/L, alkaline phosphatase 576 U/L), which previously had been normal. The serum creatinine was elevated to 5.2 mg/ dL. The patient's calcium and phosphorus levels were normal, as they had been in the past.
Given the patient's risk factors and the abnormal LFTs, there was a high clinical suspicion of hepatitis, and the patient was referred for an abdominal ultrasound examination. The sonogram was performed using a 3.5-MHz transducer and an Acuson 128XP (Mountain View, CA). The liver was hypoechoic, heterogeneous, and enlarged with a vertical span of 22 cm. Within the porta hepatis and throughout the liver, there were linear, parallel echogenic lines with "ringdown" artifact consistent with diffuse calcification of the walls of the hepatic artery and its intrahepatic branches. Similar calcified vessels were also noted ramifying from the hilum into the substance of the spleen. The gallbladder and extrahepatic bile ducts were unremarkable. The kidneys were atrophic with decreased cortical thickness. Because of the patient's long-standing diabetes and because of the unique distribution of the vascular calcifications in his liver and spleen, the presumptive diagnosis of MA was made.
Discussion
Arteriosclerosis literally means hardening of the arteries. It is a generic term applied to vascular diseases resulting in thickening and loss of elasticity of arterial walls. 1 There are three types of arteriosclerosis: atherosclerosis, MA, and arteriolosclerosis. 2 In part, these three entities are distinguished pathologically based on the size of the involved artery and the layer of arterial wall most affected by the disease.
Arteries can be divided into three groups as a function of size and structural features. 1 Large, elastic arteries include the aorta and some of its major branches such as the subclavian, common carotid, and iliac arteries. Other branches of the aorta are classified as medium-size or muscular arteries. These include the peripheral vessels of the extremities. The smallest arteries, which are within the substance of tissues and organs, are the arterioles. 3 These end-vessels terminate in capillary beds.
Irrespective of size, the normal arterial wall consists of three layers. 1 The inner layer is the intima, which comprises the lining endothelial cells and underlying connective tissue. The middle layer is the media. The media is composed of smooth muscle innervated by the autonomic nervous system. The outer layer or adventita is made up of connective tissue.
Atherosclerosis is the most common and familiar form of arteriosclerosis. It is characterized by the formation of fibrofatty and calcific intimal plaques that can cause luminal narrowing of blood vessels. The plaque can disrupt the overlying endothelium, resulting in ulceration, thrombosis, and embolic phenomena. Atherosclerosis is a significant cause of morbidity and mortality because it often affects the coronary arteries, cerebral arteries, and aorta. 2 Arteriolosclerosis is a disease of small arteries and arterioles. 2 It causes wall thickening and luminal narrowing and can result in end-vessel organ ischemia. It is associated most often with hypertension and diabetes. Importantly, it predominantly affects the kidneys, producing distinctive forms of nephropathy. 2 MA, or Monckeberg's medial calcific sclerosis, is characterized by more diffuse and continuous calcification within the media of medium-size muscular arteries. 2 There is no involvement of the intima, which is the most striking feature of atherosclerosis. The pathogenesis of MA is unknown. Proposed mechanisms include dystrophic calcification related to the autonomic denervation of medial smooth muscle cells, a potentially significant cause in patients with diabetic neuropathy. 4 Although controversial, no definite correlation between MA and metastatic calcification related to an elevated calcium × phosphate product has been confirmed. 5, 6 The association of MA with diabetes is well described. A relationship between MA and diabetic neuropathy has been clearly established. 4, 7 Although linked to diabetes and predictive of diabetic complications, MA itself is most commonly believed to be a benign process with little or no clinical significance. [7] [8] [9] [10] [11] When circulatory impairment occurs in cases of MA, it usually results from superimposed atherosclerosis rather than underlying MA. The coexistence of MA and atherosclerosis is not uncommon; it is probably related to shared risk factors.
Although MA and atherosclerosis can occur in the same vessels, MA tends to predominate in the peripheral, medium-size, muscular arteries of the lower extremities. 9, 11 Intra-abdominal arterial involvement by MA is rare. Although MA is reported to affect the splenic artery, no cases of hepatic arterial MA are found in the medical literature. 10 The imaging features of MA are distinctive. 4 MA is often noted on plain radiographs of the lower extremities in diabetics. The peripheral, muscular arteries can have a pipe-stem appearance from contiguous, dystrophic, granular calcifications deposited throughout the media. 12 Superimposed, regular rings of denser calcification can cause the vessel in a longitudinal projection to resemble a tram track. 4, 5, 8 The radiographic pattern of MA is very different than that of atherosclerosis. With atherosclerosis, the calcific deposits in plaques tend to occur in larger, more proximal vessels. The calcifications are coarse, irregular, and patchy. They are not contiguous, being dispersed more randomly along the course of the artery. 4 The ultrasound appearance of MA reflects the plain film findings (Fig. 1) . Small to medium-size arteries have diffusely increased mural echogenicity. The vessels can be depicted longitudinally as two bright parallel lines. Acoustic shadowing can be observed depending on arterial size and the density of calcification within the media. Ring-down artifact can be seen ( Figs. 1B and 1C ). In the case of smaller vessels, no posterior acoustic phenomena will necessarily be present. Because the medial sclerosis does not extend into the intima or encroach on the lumen, vessel narrowing is usually absent.
The ultrasound appearance of MA differs significantly from that of atherosclerosis. The sonographic findings of atherosclerotic intimal plaques are variable. Most commonly encountered in larger arteries such as the carotids, aorta, and proximal leg vessels, plaques make the intima shaggy and irregular. Although they can be extensive, the plaques are not evenly distributed along the artery. Where they do occur, at least some degree of luminal narrowing, if not complete occlusion, is encountered. Plaque echogenicity depends on its composition. Fibrofatty areas are of medium-level echogenicity, whereas areas of hemorrhage are usually echopoor. Dystrophic calcium appears echogenic and chunky. Larger plaque calcifications cast clean acoustic shadow, sometimes to the point of obscuring the posterior vascular anatomy.
Detecting extensive MA in intra-abdominal vessels with ultrasound is uncommon. It is sometimes observed in the splenic and renal arteries. 10 It can be noted in the uterine and spiral arteries of postmenopausal women. 13 However, widespread MA of the hepatic vasculature has not been described to our knowledge.
Our case demonstrated striking sonographic features of hepatic arterial and splenic artery MA (Fig. 1) . Medium-size branch vessels within the liver and spleen were observed to have extremely echogenic walls. The increased echogenicity was associated with ring-down artifact, weak acoustic shadow, and vessel patency without obvious areas of stenosis. These findings were encountered in a 40-year-old patient with long-standing, severe diabetes complicated by diabetic neuropathy. The findings were not felt to be secondary to the patient's acute underlying liver disease.
In conclusion, Monckeberg's medial calcific sclerosis is a type of arteriosclerosis that is pathologically, radiographically, and sonographically distinct from atherosclerosis. Found in diabetics, particularly those patients with autonomic neuropathy, it results in diffuse dystrophic calcification of the media in small to medium-size muscular branch vessels. MA is a relatively benign vasculopathy; luminal narrowing and vascular insufficiency are unusual. Its tram-track pattern of calcification is easily recognized on plain films. Because of the size, location, and type of vessel usually involved, it is infrequently encountered during sonography. We report a case of extensive hepatic and splenic MA demonstrated sonographically. The widespread, ramifying visceral vessels were depicted as echogenic, parallel lines; vascular patency was confirmed by color Doppler imaging (Fig. 1D) . The constellation of sonographic findings were presumed to be due to the diffuse medial calcification of MA. 
